through the family's eponymous IQ67-domain have been proposed [13, 14] . The work of Sugiyama and colleagues now provides a technical and conceptual framework to address the functional regulation of IQDs and their role in microdomain formation.
The relationship between plasma membrane and cell wall in plants is so intimate and the architecture of plant cell walls often so spectacular, that micro-domains are likely suspects to govern cell wall formation. Yet, although various micro-domains have regularly been observed, demonstrations of their instructive role in cell wall formation processes are still rare. Among the few exceptions are MIDD1-mediated xylem pit formation [9, 10] and exocyst-mediated positioning of the lignified Casparian strip [15] . But micro-domain formation is likely relevant in other cellular processes, too. For instance, formation of specific microdomains in FLS2 and BRI1 receptor partitioning during plant immune and hormonal signaling, respectively, has recently been reported [16] . The work presented here by Sugiyama and colleagues now puts a further emphasis on the critical importance of plasma membrane compartmentalization during cellular differentiation. Now we can start asking how plants functionally and spatially regulate this. 6 The pha-1 gene of Caenorhabditis elegans was originally heralded as a master regulator of organ differentiation. A new study suggests instead that pha-1 actually serves no role in development and instead is a component of a selfish genetic element.
The pha-1 mutant was originally isolated in a screen for embryonic lethal mutations in C. elegans [1] . pha-1 mutant worms die during development in a highly stereotypic manner: they have a malformed pharynx -the worm's muscular feeding organ that sucks in bacteria from the environment and crushes them. Notably, all of the precursor cells of the pharynx are generated normally in the pha-1 mutant embryos, but these cells fail to undergo morphogenesis and terminal differentiation [1] . Thus, pha-1 seemed to be responsible for specifying the terminal features of all cell types of the pharynx, including neurons, muscles, and epithelial cells, yet not affecting these same cell types in other parts of the animal. This raised the idea that 'organ-specific differentiation genes' like pha-1 exist to define organs as developmental units even though they are composed of distinct cell types. pha-1 encodes a protein carrying a domain with some resemblance to transcription factors, which only cemented the notion that it might act as a master regulator of pharynx development [2] and provoked new ideas of how organs are formed and specified. However, subsequent analyses began to question the role of pha-1 as the master regulator of pharynx identity [3] [4] [5] [6] [7] [8] . And now, in a surprising turn of events, a new study from Ben-David et al. [9] suggests that pha-1 is not important for pharynx development at all, but is merely one piece of a selfish genetic element whose only role is to promote its own survival. Doubt was cast on the idea of pha-1 as a master regulator when it was discovered that pha-1 is expressed broadly in many tissues and that the PHA-1 protein is localized to the cytoplasm [3] . Both of these findings did not fit the idea that pha-1 encodes a pharynx-specific transcription factor. This inconsistency was reinforced by the discovery of another gene, pha-4, that when knocked out leads to a complete loss of the pharynx [10] . Unlike pha-1, pha-4 encodes a conserved transcription factor that directly regulates the expression of most pharynx-specific genes [11, 12] . Additionally, pha-1 activity could be lost from most cells of the pharynx without an effect on pharynx development [5] . Moreover, pha-1 was shown to have an essential function in the intestine [5] . Raising further suspicion, pha-1 is found only in C. elegans. One important clue to pha-1 function came from genetic suppression analysis, which had uncovered sup-35 as a suppressor of pha-1 [13] . Intriguingly, the loss of sup-35 activity was required maternally to fully suppress pha-1 [4] . sup-35 encodes a broadly expressed zinc finger protein whose overexpression can cause the same phenotype as pha-1 mutants [6] . Although sup-35 was thought to act as a transcriptional repressor of pha-1 [6] , the later demonstration that sup-35 mutants could efficiently suppress pha-1 null mutants refuted this model [4] . In the interim, the discovery of sup-35 only appeared to deepen the pha-1 mystery, rather than resolve it.
As so often happens in science, the mystery was solved by a study that began with something that seemed completely unrelated to pharynx development. Ben-David et al. [9] performed a simple cross between the standard C. elegans wild-type strain N2 and a highly divergent strain from Hawaii called DL238 [9] . Surprisingly, the cross between N2 and DL238 produced 25% dead embryos in the second generation. Ben-David et al. [9] showed that this embryonic death could be explained by a model in which the N2 strain encodes a genetically linked maternally-expressed toxin and its embryonically-expressed antidote, but DL238 has neither the toxin nor antidote. In this model, hybrid embryos that inherit the toxin from their mother's egg die if they do not inherit the linked genes encoding both the toxin and antidote ( Figure 1A) . The molecular identification of the toxin and antidote genes led to a big surprise: instead of encoding an essential developmental gene and its suppressor, pha-1 is the embryonically-expressed antidote of the sup-35 maternallyexpressed toxin! Neither gene is functionally present in the DL238 strain and the worms are perfectly healthy, indicating that pha-1 serves no essential role in development. But as a genetically linked unit, sup-35 and pha-1 act together as a selfish genetic element that promotes its own transmission in hybrid animals, despite reducing the fitness of these very animals.
The maternal effect lethal incompatibility discovered by BenDavid et al. [9] is highly reminiscent of a previously studied incompatibility identified between N2 and a different Hawaiian strain that is mediated by the paternally-expressed peel-1 toxin and its embryonically-expressed zeel-1 antidote ( Figure 1B) [14, 15] . Although highly diverse toxin-antidote 'addiction modules' are present in bacteria, only a few such modules have been discovered and characterized in eukaryotes, typically manifesting during early development (with parentally supplied toxins) or during meiosis [16] [17] [18] . The sup-35/pha-1 element shares a number of similarities with the peel-1/ zeel-1 element. Both elements consist of a toxin passed to an embryo via its parent's gametes, as well as the embryonically expressed antidote to that toxin. Both consist of gene pairs that exist only within C. elegans -none of these genes has a conserved ortholog in other Caenorhabditis species. However, the antidotes zeel-1 and pha-1 are members of gene families that have undergone extensive duplication and divergence both within C. elegans and within other Caenorhabditis species, indicating that these gene families may be rapidly evolving. Another similarity between these two incompatibility systems is that both consist of tightly linked genes that cannot be separated by recombination, an essential feature of selfish elements to prevent recombination events that might otherwise separate the toxin and antidote genes [19, 20] . peel-1 and zeel-1 are immediately adjacent to each other and are entirely deleted in strains lacking this element, whereas sup-35 and pha-1 are harbored within a chromosomal inversion in strains carrying a functional version of this selfish element. These local chromosomal rearrangements could, in turn, further reduce recombination in the surrounding region and further isolate the two strains. Consistent with this prediction, genes near pha-1/sup-35 appear to be more highly diverged between N2 and DL238 than is typical, as are genes proximal to peel-1/zeel-1 [14] . This suggests that new selfish elements might be more easily discovered by searching for similar molecular signatures: examining diverse natural isolates of the same species for genes present or functional in only one isolate and surrounded by a region of generally high diversity. Such selfish elements could also serve as 'speciation islands' that act as seeds of reproductive isolation, slowly spreading out from their chromosomal loci.
How do such selfish elements come into existence? One possibility is that the antidote could have originally served as a defense system against an exogenous toxin. Horizontal transfer of the toxin gene into the host genome near the antidote could then have led to their coevolution as a selfish element. Such an origin seems plausible for the peel-1 toxin gene, which has no known homology to any gene and hasn't been shown to require other endogenous factors. However, it seems unlikely for the sup-35 gene that is a member of the endogenous regulator of microtubule dynamics (RMD) gene family [6, 8] . Unlike peel-1, sup-35 appears to have arisen by duplication and divergence within the C. elegans lineage, and requires two other conserved endogenous proteins (SUP-36 and SUP-37) for its toxicity [6] . In the case of sup-35, an imperfect duplication of its closest paralog could have created a truncated or extended gene encoding a toxic product that was only stabilized by acquisition of the antidote. In such a scenario, given the limited time to acquire an antidote, it would be expected that the antidote would arise from genes already present in the genome. To form a selfish element, the toxin would need to be expressed parentally in either sperm or eggs, and the toxin-antidote genes would need to form a tightly linked locus that cannot be separated by recombination. Neighboring genes that encode interacting proteins might be a promising beginning for a selfish element. Nonetheless, even this brief mental exercise indicates that, without horizontal gene transfer, the cadence of evolutionary events has to be just right for such a selfish element to form in the first place! Ben-David et al. [9] conclude with the tantalizing idea that selfish elements such as sup-35/pha-1 may be ''hiding in plain sight'' and that other essential genes may ''turn out to be antidotes to unknown toxins.'' Should all developmental biologists now have the fear that their favorite developmental genes might actually be such antidotes and play no important role in development? Although pha-1 is an important cautionary tale, benefit of hindsight reveals several features that should have augured poorly for its essential developmental role: its absence in closely related species and even strains from the same species, and the remarkable fact that a suppressor of pha-1 was immediately proximal to it in the genome. While it is unclear how prevalent such selfish elements are, the lessons from pha-1 are unlikely to be forgotten anytime soon.
The function of the olivo-cerebellar tract is not restricted to the supervision of plasticity in the cerebellar cortex. There is growing evidence that the climbing fibers also tune motor commands. A novel study unravels a role of corticotropin-releasing factor (CRF) in motor coordination and gait control.
Neuropeptides are polypeptides synthesized in the cell bodies of neurons and transported to the axon terminals [1] . Their release from the presynaptic terminal requires an influx of calcium which is greater as compared to the release of amino acid neurotransmitters. This is achieved thanks to a prolonged train of action potentials. Neuropeptides act not only on local but also on remote receptors. Whereas conventional amino acid neurotransmitters have a fast effect, neuropeptides exert a slower and more diffuse effect via G proteincoupled receptors. More than 20 neuropeptides have been identified in the cerebellum [1, 2] . They modulate neuronal activity both in the cerebellar cortex and in cerebellar nuclei, which represent the sole output of the cerebellar circuitry. The identification of the precise role played by each neuropeptide in the cerebellum represents an important challenge in neuroscience given the numerous and complex functions of the 'small brain' in motor, cognitive and affective operations [3] . In this issue of Current Biology, Wang et al. [4] provide evidence that corticotropin-releasing factor (CRF), a neuropeptide mediator of stress, is directly involved in motor control by acting on cerebellar nuclei.
The CRF family of peptides includes CRF, Urocortin (UCN), Urocortin II (UCN II) and Urocortin III (UCN III). Regarding the cerebellum, only CRF and UCN have been identified. CRF is a 41 amino acid peptide which is found in all mammals [2] , both in climbing and mossy fiber systems, which represent two main sets of afferents (Figure 1 ). The climbing fibers originate only from the inferior olivary complex (IOC). The mossy fibers containing CRF project to the cerebellum from the reticular formation in the brainstem (paramedian reticular nucleus, nucleus reticularis gigantocellularis) and from the vestibular complex [5] . In addition, a plexus of CRF-positive varicosities localized around the soma of neurons is also found at the cortical and nuclear level. The site of origin of these neurons might be located in the hypothalamus [1] but this is still a matter of debate.
Two CRF receptors have been identified: CRF-R1 and CRF-R2 [6] . Both stimulate the production of cAMP. The affinity of CRF is higher for CRF-R1. In mouse cerebellum, CRF-R1 is distributed on the somas and primary dendrites of Purkinje cells, on Golgi neurons, on stellate cells, on scattered granule cells, on radial glial cells and on nuclear neurons. The full-length CRF-R2 has a post-synaptic distribution, but its truncated isoform is mainly distributed at the axonal and presynaptic level in Purkinje cells, basket cells, Golgi cells, parallel fibers and nuclear neurons.
It has been known for three decades that CRF stimulates locomotor activity and is a modulator of stress-enhanced behaviors [7] . These locomotor effects were thought to be mediated by the ventral forebrain, which is enriched in CRF. It is interesting to note that the distribution of CRF mRNA transcripts in the hypothalamus and in brainstem has led to the suggestion that CRF neurons with extrahypophysiotropic roles are involved not only in stress-induced endocrine, autonomic and behavioural responses, but also in the regulation of complex cognitive and motor tasks [8] .
There is now evidence that such tasks typically activate the cerebro-cerebellar loops.
